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C.  B.  KOCH 

T  TILIZATION  of  bark  presents  a  major  problem  in  the  more  com- 
'/  plete  use  of  forest  products.  The  bark  removed  annually  in  the  pro- 
cction  of  lumber,  pulp  and  other  wood  products  exceeds  20  million  tons. 
C  ly  a  small  percentage  of  this  is  utilized  for  fuel,  mulch  and  a  few  other 
vs.  The  remainder  must  be  disposed  of,  frequently  at  a  financial  loss. 

Considerable  attention  has  been  focused  recently  on  more  efficient 
liization  and  disposal  of  bark.  In  order  to  expedite  this  effort,  addi- 
t^ial  information  is  needed  concerning  the  volume  of  bark  actually  avail- 
ie  in  standing  trees  of  different  species  and  sizes.  This  report  deals  with 
tk  volumes  of  standing  trees  of  several  commercially  important  hard- 
v'ld  species.  Variation  in  bark  volinne  within  and  between  trees  is  also 
c  sidered. 

L^rature  Review 

Information  relating  specifically  to  bark  ^'olume  has  been  obtained 
p  narily  by  mensurationists.  They  have  found  that,  at  least  for  some 
spies,  the  ratio  of  diameter-inside-bark  or  bark  thickness  to  diameter-out- 
sii-bark  at  a  particular  height  is  approximately  constant.  Thus,  at  tlie 
sij:ific  height  investigated  (usually  at  breast  height) ,  bark  volume,  ex- 
posed as  a  percentage  of  total  volume,  is  unaffected  by  diameter.  Linear 
wations  relating  bark  thickness  to  diameter-outside-bark  for  a  number 
oipecies  are  summarized  by  Spalt  and  Reifsnyder  (7) .'  They  also  pre- 
se  values  for  bark  thickness  expressed  as  a  percentage  of  d.b.h.  Assum- 
"^a  constant  relationship  between  variables,  such  values  may  be  used  to 
esinate  bark  volume  percentages.  The  Forestry  Handbook  (6,  Section  1, 
P:)  provides  bark  thickness  values  for  trees  of  different  diameters  for 
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several  hardwood  and  softwood  species.  Tlie  same  publication  {Section^ 
pp.  3-5)  gives  bark  volume  ex|)ressed  as  a  jjertentage  of  total  cubit  Ui 
volume  for  a  number  of  species.  In  some  s]jecies,  percentage  liark  voIul- 
(ba.sed  on  measurements  at  breast  height)  tends  to  decrease  as  diamc^ 
and  /or  age  increases    (2,4,5) .  , 

The  ratio  of  bark  thickness  to  diameter  niher  ilian  ai  breast  heifl 
has  received  little  attention.  Pemberton  (5)  found  tliat  the  ratict  vari^ 
inversely  with  height  in  redwooil.  .Miller  (3)  reports  a  curvilinear  <• 
crease  in  bark  thickness  with  increasing  height  for  slash  ])ine.  I 

Probably  because  of  the  limited  commercial  value  of  bark,  bark  v- 
ume  tables  have  been  prepared  lor  only  a  few  sjoecies.  The  Fmcstn  I ' 
book   (6,  Section  1.  ]>.  5)   ])resents  a  cubic  foot  volume  table  for  tin 
of  eastern  hemlock.  Warner  and  Goebel    (H)   have  prepared  Ijark  voluc 
tables  for  several  species  of  southern  pine.  I 

Perhaps  the  greaiisi  link  nf  information  regarding  volume  is  Ic 
effect  of  height  Avithin  d.b.li.  i  hisses  anil  the  effect  of  diameter  at  oltr 
than  breast  height.  Such  information  is  important  because  bolts  of  eqll 
diameter  may  occm-  at  varying  heights.  de)K'nding  on  si/i-  of  trees. 

Description  of  Study  Areas 

Iwn  sIikK  .11  CIS  111  iiiiiiIhiii  W'csi  X'irginia  were  used  for  this  in 
gation.  \h(\  will  be  refund  lu  as  tiu-  C;oo|>ers  Rock  and  Tygarl  \ 
areas. 

I'i\e  s])e(ies.  n>d  oak    (Oi/dch.v  nibni  /..)  .  black  oak    (O'irrcus  Vlt' 
lino   Lam.)  ,  scarlet   oak    (Cliirrciis   cocciura   Muenchh.)  .   yellow-pojjr 
(I.iriodcndron    lulipifcra   L.)    and   red  ma])le    {Acvr  riibrum   L.)    ^irt 
sampled  on  the  Coopers  Rock  area.  This  area  is  part  of  the  West  \'ii 
University  Forest  located  in  Preston  County,  Wxst  Virginia  at  an 
lion  of  about  2,500  feet  above  sea  level.  , 

It  was  heavily  cut  over  about  50  years  ago.  subsc(|uentK  burncci.  hd 
is  now  stocked  with  essentially  even-aged  stands,  mainly  of  sprmil  " 
The  site  on  which  the  ycllow-|xipIar  trees  were  located  has  an  i 
exposure  and  a  moderate  slf)pe.  The  average  age  of  the  largesi 
of  this  s])ecies  sam])led   (14-16  inches  d.b.h.)   was  37  years  based  on 
count  at  stimip  height.  The  site  on  which  the  red  oak,  black  oak  aiv' 
let  oak  trees  were  located  is   at   a  slightly   higher  elevation  and   ■ 
north  exposme.  The  a\'erage  age  of  ihc  laigesi  irccs  s.impled   (I  l-lft  i  ''• 
es  d.b.h.)  w'as  51  years. 

Two  species,  red  oak  and  yellow-popl.ar  were  investigated  on  nc 
Tygart  Valley  area.  This  tract  is  located  near  Dailey  in  Randolph  Coi  i^- 
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ttst  Virginia.  The  area  is  currently  under  the  management  of  the  Divi- 
iiu  of  Forestry  of  West  Virginia  University.  The  yellow-poplar  trees 
iiiestigated  were  located  at  an  elevation  of  about  2,300  feet  above  sea 
le  1  on  a  northeast-facing  slope.  The  average  age  of  the  sample  trees  14-16 
ir  les  d.b.h.  was  58  years.  The  site  on  which  the  red  oak  sample  trees  were 
Iqted  is  about  2,500  feet  above  sea  level  and  has  a  southwestern  exposure. 
V'  average  age  of  the  trees  14-16  inches  d.b.h.  was  53  years. 

RiDtionship  of  Bark  Volume  to 
Sim  Diameter  and  Bark  Thickness 

j  The  volume  of  bark  contained  in  a  section  of  a  stem  is  dependent 
onhe  average  total  diameter  outside  bark  (D)  ,  the  average  bark  ihick- 
ne  (t)  and  the  length  of  the  section  (I) .  Total  volume  of  wood  and 
ba  may  be  expressed  as  Vt  =  ttD-  l/i.  The  volume  of  the  wood  will 
eqjl  Trd-  //4  where  d  is  diameter  inside  bark  or  d  =  D  —  2t.  The  bark 
voime,  Vb,  will  therefore  equal  the  difference  between  the  two  or  ir  1/4 
(E  —  d") .  The  ratio  of  bark  volume  to  total  volume  may  be  expressed 

\  d 

asti/Vi  =  1  —   (— )  -.  If  total  volume  is  known,  actual  bark  volume  may 

!  D 

bejpmputed  as  Ve  =  Vt  I   1    —    (— ) -.  j  Meyer   (1)    has  shown  that  the 
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av^ige  of  a  number  of  observations  of  d/D  may  be  most  acciuately  ob- 
tai  d  by  computing  a  ratio  of  sums  as  £d/£D. 

Fhe  theoretical  relationship  between  bark  volume,  expressed  as  a 
peilntage  of  total  volume,  and  d/D  is  shown  graphically  in  Figme  1.  It 
slif^  d  be  noted  that  while  the  relationship  is  curvilinear,  an  assumption 
of]  earity  will  produce  an  error  of  little  practical  significance  within  the 
lari'  of  d/D  values  normally  encountered. 

Fhe  ratio  d/D  is  generally  considered  constant  for  a  particular  species 
sin|  when  values  of  d  at  breast  height  are  plotted  over  corresponding 
valjs  of  D,  a  straight  line  passing  through  or  nearly  through  the  origin 
resits.  For  some  species,  the  ratio  is  not  constant  but  increases  with  in- 
""e«ng  d.b.h.  Whether  or  not  a  linear  relationship  between  d  and  D 
™i!  as  height  increases  within  trees  has  not  been  investigated.  Varia- 
"oijn  d/D  at  a  specific  height  in  trees  of  different  diameters  has  also 
•ecc;  ed  little  attention. 

j'art  of  this  report  deals  with  variation  in  d/D  (or  Vh/Vt)  of  red  oak, 
scart  oak,  black  oak,  yellow-poplar  and  red  maple  trees  with  height 
^^'iil  1  trees  and  -with  diameter  between  trees  at  given  heights. 


Fitjiirc  1.     Tluorclical    rclalinnsliip  iHtwctn   pt'r  niil   b.uk 


Bark  Volumes  to  a  Four-Inch  Top  of 
Yellow-Poplar  and  Red  Oak 

In  the  following  section,  equations  and  tables  for  esiini^iiine 
fool  baik  volunic  of  vcIlo\\-|)oplai'  anil  red  oak  are  jiresented.    Ilu 

niiilinii  should  he  :i])|)hi  ;d)k'  lor  most  hiles  in  norlhein  A\'evl  X'irgiii 

COLLECTION  OF  DATA  | 

\i  r.u  h  loiaiion  (Coopeis  k<ii  k  :iiid  I  \gart  \'alle\)  .  a  inininiu 
ten  yellow-poplar  and  ten  red  oak  trees  were  randomly  selcrted  (■■ 
pling  in  each  of  six  d.b.h.  classes  (-l-li  inches.  6-8  inches.  8-10  indu- 
inches,  12-11  inches,  and  14-16  inches) .  For  each  tree  sampled.  <li 
outside  bark  (D)  was  measured  to  the  nearest  0.1  incli  with  a  di 
tape  at  1.5  feet  above  the  ground,  4.5  feci  above  the  ground,  and 
sequent  6-fool  intervals  lo  a  4-inc.h  top.  Bark  thickness  (i)  was  mt 
with  a  Swedish  bark  gauge  to  the  nearest  O.Of)  incii  ai  two  tliamci 
opposite  sides  of  the  stem  at  the  same  heigliLs. 

The  total  volume  of  each  stem  section  was  computed  by  the  Ni' 
fornuda.    l>:iik   xoliimc   of  each   section    w.is   (ompiiU'd    b^    the  f' 


Vn 


[i] 


liiixed  prcv  ioiislx.    I'mal  bark  vnhmic 


tree  was  obtained  bv  sumni.-iiion  of  \<>lui)us  (>(  indix  idu.il  >c( lions. 


levelopment  of  Estimating  Equations  and  Bark  Volume  Tables 

Graphic  plotting  of  both  total  volume  and  bark  volume  against  the 
Ijuaie  of  the  diameter  breast  high  (D=)  and  against  height  to  a  four-inch 
)p  indicated  essentially  linear  relationships  for  both  species  investigated. 
or  this  reason,  bark  volume  was  related  to  tree  size  for  each  species  on 
uli  location  by  least  squares  solutions  of  equations  of  the  form 
=  a  +  b  X  where  X  =  D-H/IO,  a  is  a  constant  and  b  is  the  slope  of 
[le  regression.  The  estimating  equations  are  shown  below: 

Red  Oak 

Coopers  Rock  V  =  0.367  +  0.00100  (D-H/10)  **- 

Tygai-t  Valley  V  =  0.359  +  0.00425  (D-H/10)  ** 

Combined  V  =  0.353  +  0.00417  (D=H/10)  **  r  =  0.95768 

YeSlow-poplar 

Coopers  Rock  V  =   0.364  +  0.00489    (D-H/10)** 

',     Tygart  Valley  V  =  0.355  +  0.00588    (D=H/10)  ** 

j     Combined  V  =  0.359  4-  0.00547  (D=H/]0)  **  r  =  0.95693 

;  No  significant  difference  was  found  between  regression  coefficients 
Ir  red  oak  at  the  two  locations.  For  yellow-poplar,  the  regression  coeffi- 
:nt  for  trees  at  Tygart  Valley  was  significantly  greater  than  that  for 
;es  at  Coopers  Rock.  From  a  practical  standpoint,  however,  the  use  of 
s  equation  based  on  combined  observations  seems  justified.  The  esti- 
fited  bark  volumes  of  trees  with  D-H/10  values  of  2,000  or  less,  as  esti- 
Uted  by  the  equation  based  on  combined  observations,  will  be  within 
per  cent  of  those  obtained  by  use  of  either  of  the  other  equations. 
Bark  volumes  as  computed  from  the  bark  volume  equations  are 
|)wn  in  Table  I  and  2. 

nation  in  Per  Cent  Bark  Volume 
Itliin  and  Between  Trees 

j    The  ratio  of  bark  volume  to  total  volume  of  a  bolt  or  log  may  be  ex- 
f  ssed  as 

Vb         p  d 
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^l^re  d  and  D  are  average  diameters  inside  and  outside  bark,  respective- 
'lAs  bark  thickness  increases  in  relation  to  outside  diameter,  the  ratio 

^Significant  al  the  1  per  cent  level. 
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d/D  decreases,  and  per  cent  bark  volume  increases.  If  the  rat 
is  constant  within  and  between  trees  of  a  particular  species,  then  jkt  cen 
bark  vohnne  will  also  be  constant.  If,  on  the  other  hand,  d  /D  varic 
appreciably  within  species,  an  accurate  estimation  of  bark  \olume  require 
an  understanding  of  this  variation. 

The  following  section  deals  w'liU  xariadous  in  d  D  (or  Vn/Vr)  a 
red  oak,  scarlet  oak,  black  oak.  yellow-poplar  and  red  nia|)le  trees  will 
heighi-wiihin-trees  and  with  diameter-between-trees. 

PROCEDURE 

The  red  oak  and  yellow-poplar  trees  sampled  were  the  same  as  tho^ 
used  for  determination  of  total  bark  volume  on  the  Coopers  Rock  arc 

(see  preceding  section) .  In  addition,  five  black  oak.  five  scarlet  oak,  an, 
five  red  maple  trees  were  sampled  in  each  of  three  d.b.h.  classes  (4- 
inches,  8-10  inches,  and  12-N  inches).  \'alues  of  d  D  were  tletcrminP 
for  each  tree  at  heights  above  groimd  of  1.5  feet,  4.5  feet,  and  at  subsl 
qucm  6-foot  intervals  lo  a  top  diameter  of  approximately  1  inches.  | 
Measurements  of  d  and  D  at  breast  height  \verc  also  made  on  <i 
additional  20  yellow-poplar  and  red  oak  trees  in  eai  h  of  six  <l.l).h.  classi 

(1-6  inches  to  1  l-lfi  inches  in  2-in<h  increments). 

RESULTS  AND  DISCUSSION 

Average  \alucs  of  d/D  for  each  combination  of  height  and  d.b.j 
class  for  the  five  species  investigated  are  presented  in  the  Ap|jendj 
(Tables  I-V) .  Averages  for  grouped  heights  and  d.b.h.  classes  are  ab 
shown.  Each  value  for  yellow-jx)plar  and  red  oak  is  the  mean  of  ten  n 
servations.  Values  for  black  oak.  scarlet  oak.  and  red  maple  are  mean^ 
five  observations. 

Mean  values  of  d    D  and  pci  (cni  bark  volume  based  on  all  oljM-n 
lions  are  compared  wiih  ihosi,'  based  on  obser\ations  at  breast  heigh' 
Table  3.  Per  cent  bark  volume  values  based  on  measurements  niatl 
breast  height  were  gieater  for  all  species  except  red  maple. 

Red  ma|jle  exhibited  the  lowest  per  cent  bark  vohnne  and  vcl 
poplar  the  highest.  Wiihin  the  reil  oak  grou|).  black  oak  coniainctl  ■ 
highest  per  cent  bark  volume  and  scarlet  oak  the  lowest. 

Effect  of  height  in  free  within  d.b.h.  dosses: 

The  relationshi|)s  hiiwicn  d    H  and  luiglu  in  trees  in  ihc  smaliji 
•1-6  inch  and  12-1  1-inch  d.b.h.  classes  for  the  five  species  investigated  k 
illustrated  respectively  in  Figmes  2  and  .S.  The  results  of  tests  of  sipi' 
cance  of  the  effect  of  height  within  all  d.b.h.  classes  are  shown  in  Tab! 


TABLE  3 
Average  d/D  values  and  bark  volume  percentages. 


1 

Spedes 

d/D 

Vb/Vt 

X   100 

Overall 

At  breast 

Overall 

At  breast 

height 

height 

V  ow-poplar 

0.912 

0.902 

16.8 

18.6 

F|loak 

0.929 

0.924 

137 

14.6 

1  ck  oak 

0.927 

0.916 

14.1 

16.1 

S  let  oak 

0.934 

0.927 

13.1 

14.1 

I- 1  maple 

0.958 

0.960 

8.2 

7.8 

TABLE  4 

L'el  of  significance  of  effect-  of  height  in  tree  on  d   D  for  different 
d.b.h.  classes. 


" 

ledes 

D.b.h. 

(in.) 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

Y 

ow-poplar 

1% 

1% 

1% 

1% 

N.S.* 

N.S. 

K 

oak 

1% 

1% 

N.S. 

N.S. 

N.S. 

N.S. 

B 

k  oak 

5% 

5% 

N.S. 

S. 

let  oak 

5% 

N.S. 

N.S. 

R 

maple 

N.S. 

N.S. 

N.S. 

•Not  significant. 

Height  had  no  significant  effect  on  the  cl/D  ratio  of  red  maple  in 
a  of  the  d.b.h.  classes  investigated  (Table  4)  .  On  the  basis  of  tire  results 
o''his  study,  a  d/D  value  of  0.96  (bark  volume  percentage  of  8.2)  would 
b/easonable  for  bolts  removed  at  any  height  for  all  d.b.h.  classes.  This 
isimewhat  less  than  the  value  presented  by  Meyer  (1)  who  worked  with 
bjk  thickness  of  red  maple  in  Pennsylvania.  However,  no  explanation 
a  be  offered  for  the  difference. 

,  Above  4.5  feet,  height  had  no  significant  effect  on  d  D  values  of  the 
0!  species  within  the  larger  d.b.h.  classes  (Table  4  and  Figure  3) .  The 
efct  of  height  was  pronounced,  however,  in  the  smaller  d.b.h.  classes  in 
^vch  d/D  increased  markedly  with  height  to  16  feet   (Figure  2) . 

In  the  smaller  d.b.h.  classes,  the  effect  of  height  on  d/D  of  yellow- 
P'  lar  was  pronounced  (Table  4)  .  Values  of  d/D  increased  significantly 
w |i  height  in  all  d.b.h.  classes  up  to  12-14  inches.  Within  the  two  largest 
(l/i.  classes  (12-14  inches  and  14-16  inches) ,  d/D  values  were  essentially 
atant  above  a  height  of  10  feet. 

Tl  effect  of  d.b.h.  on  per  cent  bark  volume  at  a  given  height: 

The  relationships  between  d  D  at  representative  heights  and  d.b.h. 
'Oi  ed  maple,  red  oak  and  yellow-poplar  are  illustrated  in  Figure  4.  The 
0/  values  at  breast  height  for  yellow-poplar  and  red  oak  are  based  on 


JlrinliI   .i:>.n<    UK. 1111(1   (fl.) 
Fimirc  2.     Kf'l;ilioii>liip  IkIuccm  cI    1)  and  luii;hl  al>o\c  i;rniiii(l  of  Inrs  l-fi  iruho  dfll- 
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1.5  I). 5         10  16  22  28  3^  l40  •46  52  56 

Height  above  ground  (tt.) 
re  3.    Relationship  between  d/D  and  height  above  ground  of  trees  12-14  inches 
d.b.h. 

3(j observations  for  each  species.  The  remaining  curves  are  plots  of  vahies 
slivn  in  Tables  I,  II  and  V  in  the  Appendix. 

'  The  effect  of  d.b.h.  on  d/D  of  red  maple  was  statistically  insignifi- 
tal;  at  all  heights. 

jiAt  stump  height  and  breast  height,  d/D  ratios  of  all  three  red  oak 
sRies  increased  significantly  with  d.b.h.  Above  breast  height  however, 
th'l  effect  in  increasing  d.b.h.  on  d/D  was  statistically  insignificant 
Gble5). 

!  At  all  heights  below  28  feet,  the  d/D  ratio  of  yello^v-poplar  increased 
si^ificantly  with  increasing  d.b.h.,  the  increase  being  most  pronounced 
thiagh  the  smaller  d.b.h.  classes.  In  the  larger  trees,  d.b.h.  had  little 
pr  tical  effect  on  d/D  at  any  height   (Table  5)  . 

V«  ation  of  d/D  among  trees  when  D  remains  constant: 

I  The  height-in-tree  from  which  a  bolt  of  a  given  diameter  is  removed 
's  'fpendent  on  the  size  of  the  tree.  For  example,  a  bolt  witli  an  average 
"liieter  (D  value)   of  6  inches  may  be  taken  from  the  base  of  a  tree  6-8 


Fii;iii( 


ship    lHt» 


6-8  6-10  10-12 

D.b.h.  class  (in.) 
Ill  il    n  .11  itinrviil.iliM-  liiiijhis  .iiul  d.b.h. 


TABLE  5  j 

Level  of  significance  of  effect  of  d.b.h.  on  d   D  at  different  heigh' 


Height  above  ground  <fl.) 


Species 


1.5      4.5 


10 


16 


22       28 


34 


40       46       52       58 


\'eIlow-Poplar 
Re<l   oak 
lilack   oak 
Scarlel  uak 
Red  Maple 

•Not  significant. 


1  %  1  %  1  %  I  %  "'  %  N-S-  N-S.    N  S.    N-S.    N.S. 

.5  %  .■;  %  N.S.  N5.  N.S.  N.S.  N.S.     N5.     N..S.» 

1  %  5  %  N.S.  N5.  N.S.  N.S.  N.S. 

1  %  5  %  N.S.  N.S.  N.S.  N5.  N5. 

NS.  N.S.  NS.  N.S.  N-S.  N.S.  N.S.     N.S. 
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,-' 

^-. 

t   in. 

Red 

oak 

''  ^^f^ 

'~"~ 



12   in. 

< 

k. 

\ 

/ 

y 

1  "     \'>-- 

^             X~l>^-~~. 

8   in 

Y 

1.   in. 

-''i 

y~ 

-"'^ 

~~^-- 

12    in 

'' 

ellon-poplar 

1 

I  Height  above  ground   (ft.) 

jgi|  5.    Relationship  between  d/D  and  height  where  D  is  maintained  constant  by 
increasing  height. 

lies  d.b.h.  or  from  higher  in  the  stem  of  a  hirger  tree.  The  data  dis- 
us;  I  previously  for  yellow-poplar  and  red  oak  were  analyzed  to  deter- 
iiitj  whether  d/D  (or  per  cent  bark  volume)  varied  significantly  with 
lei^  t  in  trees  when  diameter  outside  bark  remained  constant.  In  other 
rot)!;,  the  analysis  was  designed  to  answer  the  question  of  whether  the 
'erj;nt  bark  volume  of  bolts  of  a  given  diameter  removed  from  near  the 
[rojid  in  small  trees  is  significantly  different  than  that  of  bolts  of  the 
am.diameter  removed  from  near  the  tops  of  larger  trees. 

."he  procedure  consisted  of  selecting  a  given  value  of  D  (values 
eleed  ranged  from  4  to  13  inches  in  1-inch  increments)  and  segregating 
i/I'alues  according  to  height  among  trees  at  which  the  particular  value 
»■  loccurred.  The  results  are  shown  giaphically  for  representative  dia- 
"fts  in  Figure  5.  The  results  of  tests  of  significance  of  the  effect  of 
'E'f  t  in  tree  on  d/D  for  the  individual  diameters  investigated  are  shown 
II 1  ble  6. 

-eference  to  Figure  5  and/or  Table  6  indicates  that  the  effect  of 
'61^ ;  above  4.5  feet  on  bark  volume  of  red  oak  bolts  of  a  given  diameter  is 
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TABLE  6 

Results  of  tests  of  significance  of  effect  of  height  in  tree  on  d   D 
different  values  of  D. 

Spedea 


Diam. 

bark  Yellow-poplar  Red  oak 

outside 

5  ••♦*  N5. 

6  ••  N.S. 
y                                                             ••  •• 

8  N3.  N5. 

9  ••  N.S. 
10                                                             NS. 

n                                                            •  N5. 

12                                                             N^.                                              N5. 
13 N^S^ X.S. 

*  Not  significant 

**    Significant  at  1%   level. 

•  Significant  at  5%  level. 

small.  This  ■was  anticipatetl  since,  as  discussed  in  the  pres'ioiis  secim 
d/D  values  at  given  heights  were  not  materially  affected  by  d.b.h.  In  ali 
tion,  the  effect  of  height  alx>ve  16  feet  on  tl  D  values  within  d.b.h.  dae 
was  of  little  consecjuence.  ' 

The  effect  of  height  on  d  D.  where  D  was  held  constant,  was  slaiti 
cally  significant  for  most  diameters  up  to  8  inches  in  yellow-poplar  (T>li 
6) .  The  effect  of  height  was  essentially  the  same  as  that  found  wi;il 
d.b.h.  classes,  being  greaicst  in  the  smallest  trees. 

Summary  and  Conclusions 

Patterns  of  variation  in  j)er  cent  bark  \nlunu'  within  an<l  1h 
trees  of  the  two  major  sjjecies  investigated,  yellow-ijojilar  and  red  <i  ■ 
summarizetl   in    Figures  6  and   7   res]>ectively.  The  \alues  siiown 
obtained  by  averaging  mean  d   D  ratios  among  which  no  significam  » 
ferences  occurred  and  converting  to  per  cent  bark  \olimie. 

For  the  species  investigaieil.  the  following  |x>ints  are  appareni: 

1.  Per  cent  bark  volume  of  red  maple  is  essentially  constant  regarM 
of  tree  size  or  jxjsition  within  tree. 

2.  In  yellow-poplar  and  the  oak  species  investigated,  per  cent  bark  ^l 
ume  varies  inversely  with  iieight  in  trees  8-10  inches  d.b.h.  and  m 

3.  In  trees  larger  than  8-10  inches  d.b.h.,  the  variation  in  per  cem 
volume  with  iieighi  within  d.b.h.  classes  is  too  small  to  be  of  pradcal 
concern. 
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1+-6 


6-8  3-10         10-12  12-14  11+-16 

j  D.b.h.  class  (in.) 

rigi>  6.    Variation  in  per  cent  bark  volume  in  yellow  poplar  trees. 


'•   u  trees  larger  than  6-8  inches  d.b.h.,  variation  in  per  cent  bark  vokime 

I'ith  d.b.h.  at  all  heights  is  negligible. 

*•  j.he  effect  of  location  of  red  oak  bolts  of  a  given  diameter  within  and 

ktween  trees  on  per  cent  bark  volume  is  not  practically  significant. 

he  bark  volume  of  yellow-poplar  bolts  of  a  given  diameter  will  be 

greater  if  they  are  removed  from  the  butts  of  small  trees  rather  than 

om  the  tops  of  larger  trees. 

15 


60 
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Figure 
6 


^-6  6-6  6-10  10-12 

D.b.h.  class  (in.) 
Variation  in  per  cinl  bark  m>Iiiiiu-  in  nil  oak  ircTs. 


Because  of  the  present  low  value  of  hanlwooil  bark,  it  is  doii  iu 
whetJier  variation  in  bark  volume  within-and  between-trccs  nc(  " 
given    consideration    in    volume   estimation.    Average    values 
may   be  multiplied    by    total   cubic    foot    volumes   to   provide 
volumes  of  sufficient  practical  accuracy  are  given  IkIow: 


Species 


V,/Vt 


Vc'llDW-pi'pkir 
Rc<l  oak  and 

black  t>ak 
Scarlet  oak 
Red  maplc 


0.17 

0.14 
CIS 
0.08 
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APPENDIX 


iMean  d/D  values  for  height-d.b.h.  combinations. 


TABLE  I 

lAean  d/D  values  for  different  height-d.b.h.  combinations 
yellow-poplar  at  Coopers  Rock. 


(^1  above 

! 

■und 

D.b.h. 

class  (inches) 

«t) 

4-6 

6-8 

8-10 

10-12 

12-14 

14-16 

Mean 

i 

.920 

.915 

.916 

~T917 

J 

.922 

.919 

.914 

.918 

5 

.922 

^923 

.916 

.914 

.919 

) 

.916 

.925 

.919 

.919 

.920 

t 

923 

.916 

.923 

.921 

.916 

.920 

!i 

918 

.917 

.921 

.921 

.917 

.919 

> 

911 

.914 

.922 

.923 

.917 

.917 

; 

.899 

910 

.911 

.921 

.921 

.916 

.913 

) 

.894 

903 

.910 

.920 

.920 

.911 

.910 

|1.5 

,881 

893 

.905 

.913 

.919 

.903 

.902 

1.5 
Ian 

.875 

883 

.897 

.911 

.901 

.905 

.895 

.887 

906 

.912 

.920 

.918 

.913 

.912 

n 

TABLE  II 

■  iAean  d/D 

values  for 

different 

height-d.b.h.  com 

binations 

in 

Hg 

\ 

red 

oak 

at  Coopers  Rock 

1  ibove 

^  iind 

4-6 

6-8^ 

D.b.h. 

class  (inches) 

14-16 

'!et) 

8-10 

10-12 

12-14 

Mean 

.934 

.934 

.937 

.937 

.934 

.932 

.935 

.934 

.922 

.937 

.926 

.934 

.930 

935 

.930 

.938 

.932 

.936 

.934 

933 

.925 

.937 

.929 

.939 

.933 

.930 

934 

.923 

.937 

.922 

.936 

.930 

.927 

931 

.922 

.931 

.926 

.938 

.929 

.5 

.919 

919 

^920 

.928 

.923 

.935 

.924 

r,5 

.911 

906 

.909 

.929 

.920 

.933 

.918 

^'m 

.922 

926 

.922 

.934 

.926 

.936 

.929 
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TABLE  III 

Mean  d    D  values  for  different  height-d.b.h.  combinations  in 
black  oak  at  Coopers  Rock. 


Hsjt.  above 

ijroiind 

D.b.h.  class 

(indies) 

(fict) 

■1-6 

8-10 

12-14 

Mrar 

34 

.930 

.934 

SS2 

28 

.936 

.935 

m 

22 

.936 

.937 

9K 

16 

.937 

.934 

.932 

.934 

10 

.932 

.930 

.934 

.932 

4j 

.910 

.911 

.926 

.916 

1.5 

.896 

.914 

.926 

.912 

Mean 

.919 

.927 

.932 

.927 

TABLE 

IV 

Mean  d    D  values  for  different  height-d.b.h.  combinations  in 
scarlet  oak  at  Coopers  Rock. 


Htjt.  above 

i^round 

D.b.li. 

class  (inches) 

(feet) 

4-6 

8-10 

12-14 

Man 

40 

.940 

9¥> 

34 

.934 

.942 

.938 

28 

.929 

.950 

J9W 

22 

.941 

.944 

9*2 

16 

.944 

.940 

.944 

J941 

10 

.029 

.932 

.944 

.9? 

4.5 

.911 

.928 

.942 

.9: 

1.5 

.898 

.925 

.938 

.('. 

Mean 

.920 

.933 

543 

S' 

TABLE  V 

Mean  d    D  values  for  different  height-d.b.h.  combinations  in 
red  maple  at  Coopers  Rock. 


Hgt.  above 

ground 

D.b.h. 

cla.ss  (inches) 

(feel) 

4-6 

8-10 

12-14 

McA 

46 

.950 

.9.50 

<!•.. 

40 

.954 

.956 

•>■■ 

34 

.960 

.954 

Si'' 

28 

.956 

.961 

1*'  • 

22 

.960 

.960 

»' 

16 

.959 

.962 

.963 

i>6: 

10 

.957 

.967 

.961 

»'. 

43 

.959 

.962 

.9.-.9 

»" 

1.5 

.954 

.958 

.961 

S'' 

Afcan 

.957 

.959 

.958 

Sb^ 

20 


:# 


•ir<»g 


ft^' 


«*. 


f.t.i 


%1^ 


